Abstract.-A t frequencies 100 KHz and 5MHz t h e measurements of t h e amplitude dependent damping and modulus d e f e c t i n l e a d of various p u r i t i e s i n t h e normal and superconducting s t a t e s a r e c a r r i e d out. It i s found, t h a t t h e e f f e c t of t h e N-S t r a n s i tion appears d i f f e r e n t f o r t h e amplitude dependent damping and modulus d e f e c t , t h i s d i f f e r e n c e being dependent on t h e p u r i t y of t h e specimens used and frequency of t h e measurements. The r e s u l t s obtained a r e discussed i n terms of t h e model, taking i n t o account t h e influence of viscous drag of t h e d i s l o c a t i o n s upon t h e amplitude dependent damping and modulus defect.
MECHANISM OF THE N-S TRANSITION EFFECT ON THE AMPLITUDE DEPENDENT DAMPING AND MODULUS DEFECT IN LEAD
Introduction.
-The e f f e c t of t h e superconducting t r a n s i t i o n (N-S t r a n s i t i o n ) on t h e amplitude dependent i n t e r n a l f r i c t i o n i n metals has been studied f o r many y e a r s C1-J . There i s a number of t h e o r i e s proposed t o account f o r t h e e f f e c t 111 , but it should be noted t h a t a l l t h e t h e o r i e s a r e based on t h e assumption t h a t t h e N-S t r a n s i t i o n changes only t h e conditions of t h e d i s l o c a t i o n breakaway from pinning points. This assumption i s v a l i d i n t h e case t h a t t h e amplitude dependent damping i s c o n t r o l l e d by t h e h y s t e r e t i c type l o s s 121 . A t high frequencies t h e amplitude dependent i n t e r n a l f r i c t i o n i s known t o be determined not only by t h e h y t e r e t i c but dynamic l o s s a s w e l l
[3]. Since t h e dynamic l o s s a r i s e s from t h e viscous drag of a moving d i s l o c a t i o n , t h e W-S t r a n s i t i o n can influence both t h e h y s t e r e t i c and dynamic contribution t o t h e t o t a l d i s l o c a t i o n damping, Therefore,
t o i n t e r p r e t c o r r e c t l y t h e experimental r e s u l t s , it is necessary t o make c l e a r what type of contribu%ion ( h y s t e r e t i c o r dynamic) i s aff e c t e d by t h e N-S t r a n s i t i o n and under what circumstances. I n t h e present r e p o r t t h e experimental method of evaluating of t h e dynamic contribution t o t h e amplitude dependent damping by means of simultaneous measurements of t h e logarithmic decrement 8 and modulus According t o t h e Granato-Lucke l 2 7 theory t h e important f e a t u r e of t h e amplitude dependent damping of a h y s t e r e t i c type i s t h a t t h e rat i o of t h e amplitude dependent decrement t o t h e corresponding modulus defect ( i n t h e amplitude range where t h e s a t u r a t i o n of t h e amplitude
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19815167 dependence i s n o t y e t observed) i s a c o n s t a n t of t h e o r d e r of u n i t y ,
i.e. &.dk$$daz~uf. Thus, i f t h e d i s l o c a t i o n damping i s of hyster e t i c t y p e only, t h e N-S t r a n s i t i o n can change both t h e
Kmd. and ) , however, t h e i r r a t i o must remain unchanged. If t h e dynamic c o n t r i b u t i o n t o t h e amplitude dependent damping i s e s s e n t i a l it may l e a d t o a s t r o n g dependence of 2 upon t h e parameters d e t e r - . It should be p o i n t e d o u t t h a t we u s e t h e i n i t i a l condit i o n t o take i n t o account t h e unpinning process. F o r t h e c a s e of ~r<<t , where f= B L~X Z C ( a l l t h e n o t a t i o n s a r e t h o s e used i n L2-J ) t h e p r e s e n t model g i v e s 2 + r 0~( 1 + 3 ) ,
. Then, t h e e q u a t a t i o n of motion of t h e d i s l oc a t i o n l o o p of l e n g t h L (L is t h e d i s t a n c e between t h e s t r o n g pinn i n g p o i n t s ) i s s o l v e d w i t h boundary c o n d i t i o n s <(~,t) = f (h,t) -
(A%), a r e t h e v a l u e s of cd and (A&)a.d.
a t O r . 0 , i.e. when t h e dynamic c.ontribution t o t h e t o t a l damping i s n e l i g i b l e . NOW c o n s i d e r i n terms of (1) what happens a t t h e N-S t r a n s i t i o n . The only v a l u e a f f e c t e d by t h e N-S t r a n s i t i o n i s t h e damping c o n s t a n t B. ( I t i s known [l] t h a t BN>BS , whereas t h e v a l u e of L i s n o t t o be changed a t t h e N-S t r a p s i t i o n ) . Therefore i f t h e v a l u e of v a r i e s a t t h e N-S t r a n s i t i o n , t h e dynamic c o n t r ib u t i o n w i l l be e s s e n t i a l . If 2 does n o t v a r y , t h e amplitude depend e n t damping i s determined by t h e h y s t e r e t i c c o n t r i b u t i o n only. Thus, t h e measurements of t h e %+ t o (A$+Jal.ratio proves t o be a v e r y convenient method t o e s t i m a t e t h e h y s t e r e t i c and dynamic contr i b u t i o n t o t h e t o t a l l o s s .
Experimental procedure. ( 0 , 8 kG) . The i n t e r n a l f r i c t i o n measurements were carried out i n the temperature range from 4,2 t o 10 K. erimental r e s u l t s . -The e f f e c t of the N-S t r a n s i t i o n on the am- a measure of t h e N-S t r a n s i t i o n e f f e c t , where& and 6 5 a r e t h e corresponding meanings of t h e s t r a i n amplitudes needed t o obtain the same values of (dp/ju)a.d. i n the N and S-states.
A s one can see from Fig.1 i n pure lead s i n g l e c r y s t a l s a t 100
KHz t h e values of gSd. and (Aph)al a r e equally affected by t h e N-S t r a n s i t i o n , being 25%. The r e s u l t s f o r the pure.polycryszt a l specimens measured of 100 KHz a r e p r a c t i c a l l y the same. The doping of lead c r y s t a l s with 1,8%Bi or 0,1% Cd s h i f t s the onset of the amplitude dependent region towards higher amplitudes. The value Of makes up 10-15% f o r t h e impurity of both types. I n case of im-6 pure 99,9w0 lead single c r y s t a l s measured a t 5 MHz the .effect of N-S t r a n s i t i o n i s the same a s i n the case of measurements a t lower frequencies (~i g . 2 ) . The value of i s equal t o 15-2%. It should be pointed out, t h a t i n a l l the cases considered above the r a t i o 2 i s the same i n the N and S-states (Fig. l , 2 ) . Unlike a r e the r e s u l t s obtained i n the case of pure lead single c r y s t a l s measured a t 5 b' IHz (Fig.3) . The value of proves higher than 100-20% and r a t i o t i n the N s t a t e t u r n s out greater than i n t h e S-state, i.e. 
Fi .2
The amplitude dependences of %.+ in Pb (99,99%) single c q sGal i n the N and S states. =5BIMz,
